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ABSTRACT
The objective of this investigation was to develop a new synthetic
method for the asymmetric synthesis of imidazolinones. This method
involved an addition-cyclization reaction of an optically pure oc-amino
acid ester and a nitrile. While imidazolinones have been synthesized by
other means, this synthetic route has the advantage of producing an
enantiomerically pure heterocycle. Furthermore, the wide variety of
amino acids and nitriles available could produce an extensive series of
imidazolinone derivatives whose potential for therapeutic uses could be
explored. The first step in this reaction involved the amino addition of an
a-amino acid ester to a nitrile to give an intermediate amidine ester. This
intermediate could then undergo intramolecular ring closure to form the
imidazolinone via the amidinium ion or the amidine. This investigation
found base catalysis, aluminum chloride catalysis, Bronsted-acid
catalysis and mercury(ll) catalysis to be unsuccessful in effecting amino
additions to aliphatic and aromatic nitriles under the given conditions.
However, amino addition to trichloroacetonitrile was successful, but only
resulted in the formation of the amidine rather than spontaneously
ring-closing to form the imidazolinone.
INTRODUCTION
Imidazolinones are 5-membered heterocyclic compounds that have
exhibited a wide range of therapeutic activity. The unique feature of these
compounds is the amidine unit which makes up three of the five atoms in the
ring system. Structure (B) is the more stable tautomer due the conjugation of






Amidines consist of an amino group and an imino group and are
catagorized according to their degree of N-alkylation. There are
unsubstituted amidines, monosubstituted amidines, N,N-disubstituted
amidines, N,N'-disubstituted amidines and finally N,N,N'-trisubstituted
amidines. As a result of the nitrogen substituents, amidines are organic
bases whose basicity varies according to the degree and location of
N-alkylation. The imino nitrogen of amidines is more basic than the amino
nitrogen as a result of the derealization of the amidinium cation that is










As a general rule, the basicity of amidines decreases as the extent of
N-alkylation increases. As the amidine becomes N-alkylated, the rc-system
becomes less planar and thus the derealization is diminished due to less
than ideal orbital overlap. In the case where N-phenyl groups exist, the lone
pairs on nitrogen are resonated through the rc-system of the phenyl ring,
thereby reducing its ability to accept a proton. (2)
&.^~NHC=NH =NH+C=NH =NH +C=NH
Some typical amidines and their corresponding pKa's under specified
conditions are listed below (3).
Iycfi Amidine pKa Conditions
Unsubstituted Acetamidine 12.4 water/ 25C
N,N-Disubstituted N,N-Di-n-butylbenzamidine 11.27 50% aq. methanol
N.N'-Disubstituted N
,N'-Diphenylacetamidine 8.30 water/ 25C
N.N.N'-Trisubstituted N.N-Dimethyl-N'-phenylbenzamidine 7.8 50% aq. ethanol
This table illustrates the fact that unsubstituted amidines are the most basic
while N.N.N'-trisubstituted amidines are the least basic.
Some amidines can undergo tautomerization and this property has
been observed through infrared spectroscopy. An example of this is seen
with N-monoalkyl substituted amidines where the IR (CHCI3) shows three
bands in the N-H stretch region. The first is a weak band at 3510 cm-1 which
corresponds to the asymmetric stretch of a primary amino group. The
second band occurs near 3450 cm-1 corresponding to the N-H stretch of a
secondary amino group. Finally, the third band occurs near 3310
cnr1
corresponding to the N-H vibration of an imino group. Further evidence is
found in the appearance of two C=N double bond vibrations, one at
1640 cnr1 (C=NH) and the other at 1615 cm-1 (C=NR). (4)
The tautomerization of amidines is an equilibrium process and as such,
it is observed that one tautomer usually predominates over the other. The
balance of this equilibrium can be readily seen by the intensities of the C=N
double bond absorptions in the IR. It should be noted that N,N-disubstituted
amidines can also undergo tautomerization while the other N-substituted
amidines do not exhibit this property (5). As noted previously,
imidazolinones, like amidines exist in a tautomeric equilibrium.
It is the amidine portion of these compounds which can be linked to their
various therapeutic affects. Amidines in general have shown therapeutic
characteristics such as antibacterial, antiviral and antifungal activity as well
as antitumor activity for certain types of cancer (6). These biological
activities are also observed in some imidazolinones, especially the
unsaturated derivatives (7).
Imidazolinones are also related to a similar class of compounds known
as imidazolidinones which have a fully saturated heterocyclic ring system.
Derivatives of these compounds have been used as muscle-relaxants,
sedatives, blood-sugar lowering agents, antirheumatic drugs, analgesics
and antitumor agents among other uses (8)(9).
In addition to therapeutic properties, imidazolinones are synthetically
useful precursors for the preparation of new asymmetric amino acids.
Davasia and Rajasekharan converted unsaturated imidazolinones to















Devasia and Mohamed also prepared acylamino acids and acylamino acid
amides by the simultaneous reduction and hydrolysis of unsaturated
imidazolinones (11). This was accomplished by refluxing the imidazolinone










As a result, the need to design new synthetic routes for the preparation of
imidazolinones has gained importance. Schollkopf et. al. prepared
imidazolinones from isocyanate esters and amines after which they were
hydrolyzed in situ to give amino acids in high optical yield (12).
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Imidazolinones have also been prepared by reacting aminoacetonitriles with
trimethyl orthoformate (13).
OMe




Two more recent syntheses of imidazolinones have been developed. The








This reaction can be used to prepare 2-substituted imidazolinones. In
addition, unsaturated 2,4-disubstituted-2-imidazolinones can also be
prepared with aldehydes or ketones. The second reaction prepared







H2N H H2N H
A final reaction has 4(5)-aminoimidazole undergoing diazotization to
2-imidazolinone (15).
x> - JO
H2N h O fj
My research objective was to explore five potential reaction pathways to
the asymmetric synthesis of imidazolinones. The pathways of interest were:
base catalysis, Lewis acid catalysis, Bronsted acid catalysis,
aminomercuration and amino additions to activated nitriles. A unique
feature of this research was to begin with an optically active starting material
(amino acid ester) and preserve the stereochemistry in the final product. We
sought to achieve amino addition to a nitrile followed by ring closure to give
the asymmetric imidazolinone. As previously stated, imidazolinones have
the potential to serve as therapeutic agents. Current pharmaceutical
research is centering around the development of stereoselective reactions
for the preparation of chiral drugs where one enantiomer is produced. It is
sometimes the case that one enantiomer is biologically active where the
other is either inactive, inhibitory or even toxic. In such cases, it would be
convenient to be able to have an asymmetric synthesis to prepare the
desired enantiomer from the start rather than having to separate the
racemates. The capacity to undertake such separations has greatly
advanced and expanded in recent years. The development of 50 chiral
stationary phases for HPLC, gas chromatography and thin layer
chromatography has made this task more manageable. Enantiomers
possess the same physical properties and can not be separated by ordinary
means; however, the enantiomers can be converted to diastereomers
through complexation with the chiral stationary phase. Diastereomers do
exhibit different physical properties and can therefore be separated. This
capacity becomes more important as the number of chiral centers and thus
the number of stereoisomers increases for a given drug. (16) The final
aspect of my project is to use an HPLC with a chiral column to determine the
optical purity of the prepared asymmetric imidazolinones.
In order to accomplish the synthetic objective, activation of the nitrile
triple bond was examined. It is well-known that the carbon-nitrogen triple
bond of nitriles is polarized as its resonance hybrid suggests. Given this
fact, it is possible to carry out nucleophilic additions to the nitrile. Once the
addition has occured, an amidine or an amindinium anion is formed and it is
this intermediate which is central to the formation of the heterocyclic product.
Various catalytic methods were explored in order to achieve the amine-
nitrile addition.
The literature is replete with examples of amino additions to nitriles
giving rise to amidines. Amines can be metalated with sodium hydride and









Nitriles can also be reacted with metal amides such as sodium amide to









Aromatic amines have been condensed with nitriles in the presence of
sodium metal resulting in the formation of a metalated amidine. This can be
protonated to prepare the amidine (19).
Ar-NH2 + R-C-N
Na R-C=N"Na+ H+ R-C=NH
I I
HN-Ar HN-Ar
The condensation of aminomagnesium derivatives with nitriles has given
rise to N,N-disubstituted amidines. This reaction is analogous to the












The above examples illustrate the
"activation"
of the amine to
facilitate the addition to the nitrile. However, it is possible to activate the
nitrile to achieve the same result. Amino additions to nitriles can occur in the
presence of a catalyst. This catalyst can complex with the nitrile nitrogen,
resulting in the enhancement of the polarity of the carbon-nitrogen triple
bond. The nitrile nitrogen alone is electronegative enough relative to carbon
to cause the polarity observed in ordinary aliphatic and aromatic nitrile;
however, the catalyst can serve to draw even more of the electron density of
the triple bond toward the nitrogen. By doing so, the nitrile carbon is more
electropositive leaving it even more susceptible to nucleophilic attack.
Strong mineral acids like hydrochloric acid and Lewis acids such as
aluminum chloride have been employed for this purpose. In the case where
nitriles are treated with hydrochloric acid, the nitriles become protonated at
nitrogen resulting in the formation of the nitrilium cation (21 ). This increases
the polarity of the triple bond as the nitrogen draws the pi electrons closer to
it. Once the nitriulim cation is formed, it can undergo nucleophilic addition.
The protonation of nitriles is an equilibrium process which lies closer to the
reactant side (22). There are few examples in the literature of this method
being employed (23)(24). One such example is the reaction of aniline with
acetonitrile in the presence of hydrochloric acid in ether to prepare
N-phenylacetamidine in 90% yield (25).
HCI
Ar-NH2 + CH3-C=N - CH3-C=N-Ar
ether I
NH2
Formation of cyclic amidines has been achieved by the reaction of




RNH2 + CI(CH2)3C=N RNH(CH2)3CN.HCI -^
^NH2
This reaction involves the nucleophilic substitution of the chloronitrile by the
amine to produce an aminonitrile. In the presence of the hydrochloric acid
byproduct, cyclization spontaneously occurs to form the amidine which is
then isolated as the hydrochloride salt. Cyclization occurs readily in this
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This reaction involves the nucleophilic substitution of the chloronitrile by the
amine to produce an aminonitrile. In the presence of the hydrochloric acid
byproduct, cyclization spontaneously occurs to form the amidine which is
then isolated as the hydrochloride salt. Cyclization occurs readily in this
reaction due to the favorable entropy factor in the intramolecular nitrile
addition to form the five-membered ring. The other catalytic method for
amidine preparation is the use of aluminum chloride. Primary and
secondary aliphatic amines can react with aliphatic and aromatic nitrile in
the presence of aluminum chloride.
AICI3
R-C-N + RNH2 - R-C=NH
HNR
This reaction can occur in an inert solvent (27) but often is run in the
absence of a solvent as a melt (28). The electron deficient aluminum can
complex with the nitrile nitrogen creating a
"nitrilium-like"
case where the
amine can add more readily to the nitrile carbon.
Another method by which a nitrile can be used to prepare amidines is by
converting it to an imidate (imido ester) intermediate. Imidates are very
reactive toward nucleophiles and readily react with ammonia and amines to
yield amidines (29)(30)(31). The following reaction is known as the Pinner
synthesis and is a means to prepare imidates (32).
11
HCI




This reaction was developed back in the late 1800's and provided good
yields of the imidate. The nitrile was dissolved in an anhydrous alcohol, and
cooled down to a low temperature after which hydrogen chloride was
bubbled through the reaction mixture (33). A more recent synthetic route to
amidines via imidates was developed by Schaefer and Peters using a
base-catalyzed addition of alcohols to nitriles (34).
R'ONa
R-C-N + ROH - R-C=NH
OR
This reaction gave the best results when the nitrile was substituted in the
alpha position by an electron-withdrawing group which serves to activate the
nitrile from the carbon end. Once the imidate is formed, it will react with
ammonia and ammonia derivatives or ammonium chloride to give the
corresponding amidines or amidine salts. Imidates have also been reacted






A final example of amino additions to nitriles to be examined is that of
amines to nitriles that are already activated. As was seen in the above
example, nitriles with electron-withdrawing groups in the a-position are
more reactive than their unactivated analogs. A specific example of interest
is the reaction of primary and secondary amines with trichloroacetonitrile
(36) (37).
R-NH2 + CI3C-C^N - CI3C-C=NH
HNR
The chlorines are very electronegative and serve to enhance the
polarization of the nitrile. This nitrile is so reactive that the addition occurs in
the absence of a catalyst and at room temperature with or without a solvent.
This investigation will compare and contrast these various reaction
pathways to effect chiral amino acid additions to various nitriles. The
enantiomeric excess of these imidazolinones will be determined by HPLC.
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DISCUSSION OF RESULTS
The purpose of this project was to investigate methods of catalysis to
achieve nitrile addition by an amino acid ester. Five reaction pathways were
explored in order to reach this goal.
Base Catalysis
The first reaction was that of the amino acid ester hydrochloride and the
nitrile under basic conditions. The purpose of this was to see if the nitrile
would undergo addition by the free amine in the presence of base.
Furthermore, the base might be strong enough to generate the amine anion
which would be a very reactive nucleophile. The nitrile is polarized;
therefore, it is possible that amino addition may occur without activating the
nitrile. L-Phenylalanine ethyl ester hydrochloride was reacted with one
equivalent of sodium ethoxide in refluxing ethanol after which two
equivalents of dimethyl cyanamide were added under reflux.
C6H5-CH2CHC02Et 1. NaOEt/EtOH , reflux
NH2 . HCI
2- 2 eq. (Me)2N-CN , reflux
(1)
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The sodium ethoxide served to neutralize the HCI to leave the free amino
ester. After the reflux period, a TLC of the reaction mixture did not show the
formation of any new products. However, when the reaction mixture was
concentrated and allowed to stand at room temperature for several days, a
solid was obtained from the solution. This product was analyzed by NMR,
mass spectrometry and elemental analysis and was determined to be
a







aromatic proton m d 7.00-7.30 10H
-CH2-CH-C02Et m 4.00 2H
Ar-CH2-CH- dd 2.27 4H






Theory: %C 73.73 %H 6.18 %N 9.52
Found: %C 72.10 %H 6.89 %N 7.68
This reaction was repeated with ten equivalents of dimethyl cyanamide but
the same results were obtained.





NH2. HCI 2. 10 eq. (Me)2N-CN , reflux
In addition to varying the amount of the nitrile, the amount of ethanol was
also varied to see if concentration would effect the reaction, but the
condensation product was still formed. In addition, different reflux periods
were tried to see if this would effect reaction but this failed to yield the
condensation product.
Lewis-Acid Catalysis
Next, Lewis-Acid catalysis using aluminum chloride was examined in
order to try to activate the nitrile via the cyano nitrogen
- aluminum complex.
The first reaction in this sequence had L-phenylalanine ethyl ester
hydrochloride reacting with a ten-fold excess of dimethyl cyanamide in the
presence of one equivalent of aluminum chloride in tetrahydrofuran.
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1. 10 eq. (Me)2N-CN , AICI3 , THF
C6H5-CH2CHC02Et 2. reflux





The reaction was refluxed for 0.5 hours and after acid workup followed by
neutralization only yielded an inorganic salt. This solid was soluble in water
and boiling absolute methanol while showing no observable solubility in
ether, chloroform, absolute ethanol, benzene and tetrahydrofuran. The NMR
showed no proton absorptions. The reaction was also repeated using equal
molar quantities of L-phenylalanine ethyl ester hydrochloride, dimethyl
cyanamide and aluminum chloride but this was also unsuccessful.
1 . 1 eq. (Me)2N-CN , AICI3 , THF
C6H5-CH2CHC02Et 2. reflux
I (4)




In another experiment, equimolar quantities of the amino acid ester,
nitrile and aluminum chloride were reacted as before but the acid-workup
was omitted.
C6H5-CH2CHC02Et 1.




This only yielded L-phenylalanine ethyl ester hydrochloride (52%,
152-153 C) as indicated by the melting point.
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From this work, it appeared that amino addition to dimethyl cyanamide
was going to take place under these conditions. It is postulated that due to
dimethyl cyanamide having a contributing resonance structure, reaction with





As a result, the nitrile was switched to benzonitrile. The first reaction in this
series has L-phenylalanine ethyl ester hydrochloride reacting with
benzonitrile in the presence of aluminum chloride all in eqimolar quantities
in refluxing tetrahydrofuran.
1. 1 eq. AICI3,THF
C6H5-CH2CHC02Et + C6H5-C=N - (6)
I 2. reflux
NH2 . HCI
A TLC of the reaction mixture showed only starting material. In addition to
using L-phenylalanine ethyl ester hydrochloride, L-phenylalanine was also
used under the same conditions.
1. 1 eq. AICI3,THF




A TLC of the reaction mixture showed starting material.
When these attempts failed, it was believed that the presence of HCI
(or acid in general) in the reaction mixture may inhibit the formation of the
nitrogen-aluminum bond. This was postulated in light of the fact that
previous work using aluminum chloride for amino additions to nitriles
quenched the reaction mixture with aqueous acid (HCI) to presumably break
this bond. With this in mind, the next reaction used L-phenylalanine ethyl
ester hydrochloride under basic conditions.
1. Amberlite IRA 400(OH)
C6H5-CH2CHC02Et + C6H5-C=N
2. 1 eg. AICI3 , THF
NH2.HCI
3" "^
The starting material was initially treated with a basic gel resin to generate
the free amine. This reaction was carried out in THF with benzonitrile as in
the previous experiment. The reaction mixture showed only starting material
as indicated by TLC.
Bronsted-Acid Catalysis
When the aluminum chloride reaction seemed ineffective, Bronsted acid
catalysis was examined. This would serve to protonate the nitrile nitrogen to
form the nitrilium cation which would undergo addition more readily than the
19
nitrile alone. The first reaction considered was that of L-phenylalanine ethyl







This reaction was attempted in order to see if the HCI from the amino ester
would be sufficient to catalyze the addition. However, only starting material
was indicated by TLC. In addition to an aqueous THF solvent, the reaction






This reaction did not produce any new products as indicated by TLC. The
second was DMF (dimethyl formamide) which also did not yield any new
products after 1 -4 hours of refluxing.
DMF






However, heating for times beyond 4 hours did result in the formation of
decomposition products from DMF in the presence of acid, as indicated by
20
TLC. The DMF reaction was repeated with 1 0 equivalents of benzonitrile to





TLC once again showed several spots corresponding to DMF
decomposition in addition to starting material.
In further persuit of this reaction pathway, L-phenylalanine ethyl ester
hydrochloride was reacted with benzonitrile in the presence of an strongly






This resin was used as a source of additional acid (H+). This resin is very
versatile since it can be used in both organic solvents and aqueous systems.
A TLC of the reaction mixture indicated that only starting material was
present. The reaction was repeated, but DMF was used in place of THF.
The reflux and heating times varied from 3-4 hours.
Amberlite IR-120+
C6H5-CH2CHC02Et




A TLC of this reaction only showed decomposition products of DMF along
with the starting materials. However, when the reaction in DMF was heated
for 6-24 hours, several spots were indicated by TLC. This was likely due to a
decomposition of the DMF in the presence of acid. This reaction was
repeated with five equivalents of benzonitrile and three times the amount of
resin (30% by mass of the amino acid ester) as was used in the previous
reactions. This also gave decomposition products of DMF.
The previous series of reactions did not appear to be promising so the
next series of reactions that were explored use L-phenylalanine rather than
the ethyl ester analog. The hypothesis here was that the strongly acidic
resin may be able to hydrolyze the carboxylic acid to generate an
"acylium
cation"
species. This intermediate could then react with the
nucleophilic nitrogen of the nitrile leading to product formation. The first
reaction had L-phenylalanine reacting with one equivalent of benzonitrile in
the presence of the acidic resin in water.
Amberlite IR-120+




After refluxing for 14 hours, no evidence of product was observed by TLC.
The next reaction parallels this one only now the solvent has been changed
to a 1 :1 THF-water mixture.
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Amberlite IR-120+
C6H5-CH2CHC02H + C6H5-C^N - (16)
jvj|_l 1:1 THF-water,
reflux
This reaction was also unsuccessful as no new product was observed.
As seen above, the aqueous systems were not productive and the DMF
reactions were unsuccessful because of the decomposition of DMF in the
presence of strong acid so the use of a weak acid was examined. The next
attempts sought to employ a weak acid in the DMF systems to see if
decomposition can be avoided. The first reaction was that of
L-phenylalanine ethyl ester hydrochloride and benzonitrile with ammonium
chloride all in equimolar quantities.
NH4CI
C6H5-CH2CHC02Et + C6H5-C-N - (17)
I DMF 120C
NH2 . HCI
This reaction mixture was heated for three hours. A TLC of this reaction also
showed DMF decomposition. This general reaction was repeated with an
Amberlite CG-50 weakly acidic resin but this also showed the decomposition
products.
. . . . ./-n^ ,-x ~ . . ~ * .
Amberlite CG-50 resin





The acid catalyzed reactions were unsuccessful so attention was turned
to nitrile activation in the presence of a mercuric sulfonated polystyrene
resin. This was deemed a possible pathway for amino additions to nitriles
given the fact that it has been used in the catalytic hydration of acetylenes








Resin, <^-C=CH2 ^ ^
r^V
The above reaction illustrates a hydroxyl migration in 1-ethynylcyclohexanol
which leads to the preparation of 1-acetylcyclohexene. This resin was
prepared from a Dowex-50 strongly acidic resin and mercuric oxide. In
keeping with the use of an aprotic solvent, DMF was used in the reaction of
L-phenylalanine ethyl ester hydrochloride with a five-fold excess of
benzonitrile in the presence of the mercury resin.
Hg-Resin /0~.
C6H5-CH2CHC02Et + 5eq. C6H5-C=N - (20)
| DMF 120C
NH2 . HCI
This reaction was heated at 1 20 but TLC showed the DMF decomposition
products as well as starting material.
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Aminomercuration-Demercuration Reactions
In further pursuit of mercury catalysis, an amino
mercuration-
demercuration reaction was tried. Amino additions to alkenes have been







The above reaction shows m-methoxyallylbenzene reacting with
aminoacetaldehyde diethyl acetal in the presence of anhydrous mercury(ll)
nitrate. The mercury is complexing with the pi system rendering it
susceptible to nucleophilic addition. This reaction is analogous to the
oxymercuration-demercuration reaction of alkenes to produce alcohols. As
a result of this chemistry, it was postulated that one can achieve a
mercury-
nitrile complex based on the apparent pi-electron affinity of mercury(ll). The
first reaction in this series had L-phenylalanine ethyl ester hydrochloride
reacting with benzonitrile in methylene chloride in the presence of
anhydrous mercury(ll) nitrate. This was refluxed for nine hours followed by
the usual sodium borohydride reduction.
25
C6H5-CH2CHC02Et . r M PgsM 1. Hg(N03)2 ,
reflux
I




A TLC of the reaction mixture showed starting material. The reaction was
repeated with only five hours of refluxing but only starting material was
indicated by TLC. The next reaction had L-phenylalanine ethyl ester
reacting with benzonitrile in THF with mercury(ll) nitrate monohydrate under
the previous conditions.
1. Hg(N03)2. H20, reflux
C6H5-CH2CHC02Et + C6H5-C-N ^_^_f ^ (23)
NH2.HCI
2NaBH4
This reaction was also unsuccessful as a TLC of the reaction mixture after
reduction showed the starting materials. The final reaction in this sequence
had L-phenylalanine ethyl ester hydrochloride reacting with benzonitrile in
refluxing THF with mercury(ll) acetate for six hours.
1 . Hg(OAc)2 , reflux 6 hrs.
C6H5-CH2CHC02Et + C6H5-C^N (24)
I 2. NaBH4
NH2 . HCI
This reaction was to parallel the oxymercuration-demercuration reaction of
alkenes and was worked up in the usual way. This reaction did show some
new products by TLC. The materials giving the higher Rf values were
collected together and analyzed by NMR. This showed the protons of
benzonitrile between 7.2 and 7.65 ppm and a small amount of an impurity.
26
The TLC spots with the lower Rf values corresponded to phenylalanine ethyl
ester and its associated impurities. This reaction was repeated but the reflux
time was extended from 6 hours to 45 hours.
r u ru rurn c* 1 Hg(OAc)2 , reflux 45 hrs.C6H5-CH2CHC02Et
+ C6H5-C-N ^ (25)
NH2 . HCI
2" NaBH4
This did not result in product formation. Next, acetonitrile was substituted for
benzonitrile in order to see if steric factors played a role in the amino
addition to the mercury-nitrile complex. This reaction was run at room
temperature.
1. Hg(OAc)2 , r.t.
C6H5-CH2CHC02Et + CH3-C^N (26)
I 2. NaBH4
NH2 . HCI
A white solid was recovered from the reaction but was found to be the amino
acid ester hydrochloride by NMR and mass spectrometry.
In all of the mercury reactions, THF or methylene chloride was used as
the solvent. The amino acid ester was only slightly soluble in these solvents;
however, it went into solution immediately upon the addition of the mercury
salt. In all cases, the TLC of the reaction mixture prior to reduction showed a
new spot for the amino acid ester while the nitrile spot remained in its
original position. It would appear that the amino acid ester is complexing
with the mercury salt rather than the nitrile.
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Amino Additions to Activated Nitriles
The final synthetic path to be investigated was the amino acid ester
addition to activated nitriles. The first reaction was that of
L-phenylalanine ethyl ester with trichloroacetonitrile. This reaction was
run in 5:3 ethanol/water for solubility reasons and at room temperature.
PhCH^HCCfcB
PhCH2CHC02Et + CI3C-C-N ^*i _ JH NH
(27)
J ^. 5:3 ethanol - water "N*^
NH2 . HCI I
CCI3
It was necessary to neutralize the hydrochloride salt of the amino acid
with sodium bicarbonate and this solvent mixture was found to be
appropriate. A TLC of this reaction mixture showed a single new spot.
This product was isolated by column chromatography as a viscous
yellow oil. This product was identified as being phenylalanine ethyl ester
trichloroacetamidine and was obtained in 23% yield. It was analyzed by
IR, NMR, mass spectrometry, and elemental analysis.
28
asymm. amino N-H w 3505
cm"1
amino N-H m 3410
cm'1
imino N-H m 3320
cm"1
ester C=0 s 1 735
cm"1
C=NH s 1 637
cm"1





C=N-M s 5.79 1H
ArCH2-CH- dist. dd 4.80 1H
-OCH2-CH3 q
4.19 2H
Ar-CHg-CH- ddd 3.28 2H
-OCH2-CH3
t 1.25 3H
CH-NM-C s 1.25 1H
The amino proton was found to be buried under the methyl triplet in the
NMR spectrum. The mass spectrum showed the characteristic M+2, M+4








Theory: % C 46.24 % H 4.49 % N 8.30 % CI 31 .50
Found: %C 45.16 %H 4.08 %N 3.86 %CI 31.85
The TLC indicated that there was only one tautomer present in
significant quantity to be detected in the reaction mixture. The structure of
this tautomer is shown below. The spectral data confirmed this fact. The IR
spectrum (CHCI3) indicated that the amidine is primarily in the tautomeric
imino form where the C=NH vibration at 1637 cm"1 is very intense while the









Grivas and Tarins also concurred with this conclusion (ref. 30). They found
that the imino tautomer of trichloroacetamidines (and trifluoroacetamidines)
is the predominant form in non-polar solvents. This reaction was repeated
using racemic DL-phenylalanine methyl ester hydrochloride in order to
confirm the presence of primarily one tautomer.
PhCH2CHC02Me
PhCHgCHCO^Me + CI3C-C =N ^^ NH.NH
I 5:3 ethanol - water ^^r







A TLC (2:1 ether/hexane) of this reaction after two days of reaction showed the
presence of both tautomers. This would suggest that tautomerization of the
amino form to the more stable imino form occurs over time. This explains the
observation (TLC and NMR) of essentially one tautomer in the original
reaction which was left to stand for 1 4 days.




. L nh (29)
I water
vVs!>
NH2 . HCI Id
cci3
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The reaction mixture only contained the amidine and the starting material as
seen by TLC. There was no evidence of the formation of another product.
In addition to these experiments, others were attempted using other
solvents in order to see if ring closure could be attained. Hydrogen bonding
of the ethanol and water in the transition state of the previous reactions
might be inhibiting the ring-closing step. The next reaction had
L-phenylalanine ethyl ester reacting with trichloroacetonitrile in acetonitrile.
PhCHjjCHCCfcEt
PhCHgCHCOgEt + CI3C-C^N acetonitrile ^ NH (30)
NH2
cci3
This is a polar aprotic solvent which has been successfully used in amino
additions to activated nitriles to form amidines (see ref. 30). A TLC of the
reaction mixture showed only the amidine product as well as starting
material. In another reaction, L-phenylalanine ethyl ester hydrochloride was






The pyridine would serve as a base to neutralize the HCI leaving the free
amino ester. The TLC showed only starting material with no evidence of
amidine formation or a new product.
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In further pursuit of ring closure, L-phenylalanine ethyl ester
hydrochloride was reacted with trichloroacetonitrile in the presence of an
Amberlite weakly basic resin (IRA-68) in 95% ethanol at room temperature.
PI1CH2CHCO2B
















This reaction yielded the amidine as a tautomeric pair. The TLC indicated
two spots one of which was the already prepared amidine in the imino form.
This was confirmed by the NMR spectrum where there were overlapping
peaks in the regions where the peaks of the original tautomer occured. The
IR (CHCI3) showed that the amidine had tautomerized predominantly to the






amino N-H m 3420
cm"1
imino N-H m 3340
cm"1
ester C=0 s 1737
cm"1
C=NH s 1 640
cm"1





C=N-M s 5.65 2H
ArCH2-CH- dist. dd 4.80 2H
-OCH2-CH3 q
4.20 4H
Ar-CU2-CH- ddd 3.28 4H
-OCH2-CH3
t 1.25 6H
CH-NH-C s 1.25 2H
An IR of a neat sample of the amidine on salt plates showed the amidine
was primarily in the imino form.
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IR Data [NFAT\
amino N-H m 3420
cm"1
imino N-H m 3345
cm"1
ester C=0 s 1 740
cm"1
C=NH s 1 640
cm"1
RN=C w 1605 cm-1
The above reaction was also run in acetonitrile to see if ring-closure
might occur spontaneously.












This reaction gave only the tautomeric amidine pair. No ratio of the two
tautomers was established. In addition to using the resin, the reaction was
repeated in 95% ethanol with one equivalent of sodium bicarbonate.
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The reaction mixture was stirred for several days and this also yielded the
tautomeric amidine pair as seen by TLC. In addition to ethanol, methanol
was used as the solvent.












It is known that methanol reacts with trichloroacetonitrile to produce an
imidate which can react with the amino ester. A TLC of this reaction showed
amidine formation and starting material.
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Attempts at Ring-Closing the Amidine-Ester
The only new products from the trichloroacetonitrile reactions are the
amidines while the imidazolinone was not observed. In an attempt to








This was done to provide thermal energy to overcome the activation energy
leading to the imidazolinone since it was clear that the ring-closing step was
not going to occur spontaneously following amidine formation. This proved
to be ineffective as the amidine was recovered and the TLC showed only the
presence of the amidine. All attempts to achieve ring-closure failed. This
can probably be attributed to the fact that the trichoromethyl group is greatly
reducing the nucleophilicity of the imino nitrogen thus inhibiting its ability to
condense with the ester. The next attempt was to reflux the amidine in
ethanol in the presence of excess sodium carbonate to see if the imino
proton could be removed thereby increasing its nucleophilicity.
C6H5-CH2CHC02Et
2 eq. Na2C03




This also failed to give the desired results. The TLC of the reaction mixture
showed only the amidine.
It seemed that imidazolinone was not going to form from this amidine
under the investigated conditions. In an attempt to form the imidazolidinone
ring system (saturated ring system), the amidine was reacted with sodium
cyanoborohydride in methanol in the presence of two equivalents of acid
(45).
C6H5-CH2CHC02Et
| 0.6 eq. NaBH3CN
NH NH (38)
MeOH, 2 eq. HCI
CCk
The reaction mixture was analyzed by GC-mass spectrometry and the
following compounds were found: trichloroacetamide, chloroform and








a - methoxybenzeneacetic acid methyl ester
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The amidine tautomers were also isolated and identified by 1H NMR. The
amidine was overreduced to give these decomposition products. The
reaction was repeated using one equivalent of acid.
C6H5-CH2CHC02Et
I 0.6 eq. NaBH3CN
NH NH - /39\
^ ^
MeOH, 1 eq. HCI
CCl3
The GC-mass spectrograph indicated that trichloroacetamide, trichloroacetic
acid methyl ester and ethanol were found.
O
CI3C-C-OCH3





Optical Purity of the Amidine-Ester By HPLC
The final experiment involved the determination of the optical purity of
the amidine-ester in order to discover whether the chiral center was
undergoing epimerization under the basic conditions of the reaction. An
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analysis of the amidine-ester from reaction 27 by HPLC was performed
using a column whose stationary phase contained optically active
(R)-phenyl urea. This analysis, using 75:25 hexane/ethyl acetate showed a
single peak with a retention time of 3.132 min. This would indicate that there
was no racemization of the chiral center and that the amino acid ester is
essentially optically pure.
A subsequent experiment was performed to prove that separation was
occuring by rerunning the reaction with racemic DL-phenylalanine methyl
ester (Reaction 28). The solvent was made up of 9:1 hexane/ethyl acetate.
The result of this experiment showed that the amidine-ester did separate
under these conditions. The enantiomers had average retention times of
3.620 min. and 4.015 min. Furthermore, it can be inferred from this
experiment that the L-enantiomer is the one at 3.620 min.
Bun Ret. Time A Ret. Time B
1 3.625 min. 4.023 min.
2 3.618 min. 4.012 min.
3 3.616 min. 4.011 min.
40
CONCLUSIONS
The base catalyzed reactions of L-phenylalanine ethyl ester and
N,N-dimethyl cyanamide yield a self-condensation product of







The sodium ethoxide may have served to deprotonate the amine to
generate the amide anion which would readily react with another amino acid
ester to produce the condensation product. Furthermore, the nitrile may too
unreactive so self-condensation occurs instead.
The Lewis-acid catalyzed reactions failed to yield to imidazolinone
product. The reactions using dimethyl cyanamide were unsuccessful, and it
is possible that a contributing resonance structure may be inhibiting the
amino addition to the nitrile carbon. As a result, benzonitrile was used in
place of dimethyl cyanamide but this reaction was also unsuccessful. In
addition, a reaction with the amino acid (L-phenylalanine) was tried and this
did not yield a product. All the reactions up to this point were run under
acidic conditions utilizing the hydrochloride salt of the amino acid ester or
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the amino acid. When these attempts failed, it was postulated that the acid
may be preventing the formation of the nitrile-aluminum bond. The reaction
was repeated using the free amine but this also failed to yield the product.
Further, the utilization of an excess of one of the reagents (usually the nitrile)
had no effect on forcing the reaction to go to product.
Bronsted acid catalysis was attempted in various solvents. The first
three reactions used the hydrochloride salt of the amino acid ester as the
acid source. In each case, product formation was not observed although
intramolecular addition of amine salts to nitriles has been achieved (26).
The reactions in THF/water might have been ineffective due to the formation
of the hydronium ion rather than the nitrilium cation. The reaction in THF
might have been ineffective due to the lack of sufficient dissociation of the
amine hydrochloride and the salt which may have dissociated is in very low
concentration. The third reaction was run in DMF which is a polar aprotic
solvent which can allow acid dissociation but the result was the
decomposition of the DMF rather than nitrilium cation formation. The
decomposition was dependent on the length of time of the reflux period.
Decomposition was not observed at heating times of 4 hours or less while
heating times longer than 4 hours resulted in DMF decomposition. In either
case, product formation was not observed. These reactions were also
unaffected by the use of an excess of one of the reactants.
The reactions where the amino acid ester and Amberlite IR-120+
strongly acidic resin was used were unsuccessful. The
THF system had only
starting material as did the DMF system with heating times of 4 hours or less.
DMF decomposition products were observed with longer heating times. A
possible problem with these reactions is that the amino acid ester will have a
greater tendency to remain as the hydrochloride salt in the presence of the
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acid thus rendering the amino group ineffective as a nucleophile. The next
reaction was that of the amino acid (L-phenylalanine) with the nitrile in the
presence of the resin. In this case, formation of an "acylium
cation"
intermediate was desired and the nitrile would serve as the nucleophile.
The failure of this reaction could be due either to the lack of acylium cation
formation or to the weak nucleophilicity of the nitrile. The use of weak acid
sources (ammonium chloride and Amberlite CG-50 resin) also proved
ineffective in DMF as the decomposition products were continuing to be
formed.
Mercury(ll) catalysis also failed to yield the imidazolinone. The acidic
Hg-resin in DMF gave only the decomposition products. The
aminomercuration-demercuration reactions were unsuccessful. It was
apparent that the mercury salt was complexing with the amino acid ester
rather than the nitrile and thus the addition was not occurring. Evidence for
this conclusion came from the fact that the amino acid ester went into
solution (CH2CI2, THF) only upon addition of the mercury salt. Further
evidence for this was seen by the TLC of the reaction mixture which
indicated an amino acid ester-mercury complex and no nitrile-mercury
complex.
The reactions involving amino addition to an activated nitrile did not
result in the formation of the imidazolinone; however, it did result in the




NH NH 1 NyNH2
COs
*
The reaction of L-phenylalanine ethyl ester with trichloroacetonitrile in
aqueous ethanol yielded the amidine ester (23%). This reaction also
confirmed the conclusion of Grivas and Taurins that the imino tautomer was
more stable than the amino tautomer and is thus the more prevalent
conformation. Amidine formation was also observed in water, 95% ethanol,
acetonitrile and methanol. Specifically, the reactions in 95% ethanol in the
presence of sodium bicarbonate or Amberlite IRA-68 weakly basic resin
gave the tautomeric amidine pair (25%) which was confirmed by IR and
NMR. The use of pyridine as a solvent for this reaction was unsuccessful.
An attempt to achieve ring closure of the amidine-ester by refluxing the
amidine-ester in chloroform was unsuccessful. In addition, refluxing the
amidine-ester in ethanol in the presence of 2 equivalents of sodium
bicarbonate was also ineffective. The failure of the amidine-ester to
ring-close can be explained by the fact that the basicity of the imino nitrogen
is greatly reduced by the trichloromethyl group.
Reduction of the amidine by the action of sodium cyanoborohydride to
form the imidazolidinone also failed. Sodium cyanoborohydride is selective
in reducing imines and would not reduce the ester. The result of these
reactions was the degradation of the amidine-ester forming a-methoxy
benzene acetic acid methyl ester, chloroform, trichloroacetamide and
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trichloroacetic acid methyl ester. It may be the case that the imino group is





As the above mechanism shows, the hydride ion must have access to
the imino carbon to reduce the imino double bond. The trichloromethyl
group is quite large and could sterically hinder the nucleophilic attack of the
hydride. In addition to the trichloromethyl group, the phenylalanine ethyl
ester portion of the molecule may also be contributing to the difficulty of
reduction. It may also be the case that degradation is kinetically favored
over imino reduction under the conditions used. This would explain the
formation of the observed products.
Ring closure might be effected by treatment of the amidine ester with
amino-lithium bases such as lithium diisopropylamide (LDA) in order to
deprotonate the imine. In addition, the use of Lewis acids might effect ring
closure by enhancing the nucleophilic strength of the imino nitrogen and
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through coordination between the metal, the imino nitrogen and the ethoxy
oxygen. This could put the imino nitrogen in close proximity with the ester
carbonyl to assist the condensation.
The final experiment used a chiral HPLC technique to determine
whether epimerization of the chiral center of the amidine-ester was occuring
under basic conditions. The analysis of the DL-amidine-ester that was
prepared from racemic DL-phenylalanine methyl ester hydrochloride
showed that the enantiomers were being separated under the solvent
conditions used. In addition, analysis of the amidine-ester prepared from




The work presented here was unsuccessful in synthesizing asymmetric
imidazolinones from optically active amino acid esters and nitriles. However
there remains other potential synthetic routes to these heterocycles which
should be investigated.
In further pursuit of nitrile activation to promote amino additions, the
reaction of amino esters with nitriles in the presence of aluminum chloride as
a melt rather than in solvents should be examined. In addition,
organoaluminum reagents like triethylaluminum have shown complex
formation with nitriles resulting in an increase in the electrophilic character of
the nitrile carbon (40).
Another area of potential interest would be an investigation into the use
of various inorganic heavy metal salts as Lewis-acid catalysts for nitrile
complexation and activation. Rhenium(IV) chloride forms a complex with
nitriles (2 nitrile molecules/ molecule of ReCI4) and the nitrile can react with
amines to form an amidine-rhenium complex. In addition to rhenium
chloride, pentaammineruthenium(lll) organonitrile complexes have also
been prepared. These complexes contain one nitrile molecule for every
ruthenium molecule where the nitrile is known to undergo acid hydrolysis.
Furthermore, cobalt(lll), rhodium(lll) and iridium(lll) complexes have given
similar results. Nickel(ll) complexes with nitriles have provided an efficient
route to amidines via reaction with amines. Platinum(ll) complexes of
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benzonitrile have also shown reaction with amines to give a new platinum(ll)
amidine complex. (41)(42)(43)(44) Future work on this project should also
include characterization of all complexes formed. The above references for
the metal-nitrile complexes characterized the complexes by 1H NMR
spectroscopy.
Another area to be examined is ring-closure of the trichloroacetamidine-
ester by reduction of the imino group. The above experiments showed the
use of sodium cyanoborohydride under acidic conditions. An investigation
of this reaction with different pH values may allow the reduction to proceed
without causing overreduction or degradation of the amidine-ester.
Subsequent ring-closure may ensue following this reduction or may be
forced to occur by another means.
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EXPERIMENTAL
The IR spectra were run on a Perkin-Elmer 681 . The NMR spectrum for
the condensation product (Reaction 1) was performed on a NT-200 1H NMR
. The remaining 1H NMR spectra were run on a GE 1H NMR QE-300. The 1H
NMR spectra of benzonitrile from the aminomercuration-demercuration
reaction was done on a Bruker 200 1H NMR. Mass spectra and elemental
analyses for the condensation product (Reaction 1) and the amidine-ester
(Reaction 27) were performed by Oneida Research Services, Inc. The
remaining mass spectra were performed on a Hewlett Packard 5995 GC/MS
with a Supeleco fused silica capillary SPB-1 non-polar column (30 m, 0.32
mm ID, 1 .0 mm df). The HPLC work was done on a Varian 500 Liquid
Chromatograph using a Supelcosil LC-(R)-phenyl urea column
(25 cm
*
4.6 mm). Chemicals and solvents were purchased from Aldrich




Reaction of L-Phenvlalanine Ethvl Fster Hydrochloride and NN-Dimethvl
Cvanamide in the Presence of Sodium Ethoxide
REACTION 1:
L-Phenylalanine ethyl ester hydrochloride (2.00 g, 8.71 mmol) was
dissolved in 1 00 ml of absolute ethanol in a 250 ml 3-necked round bottom
flask. To this solution was added sodium ethoxide (0.59 g, 8.71 mmol) and
the resultant solution was refluxed for 1 .5 hours with stirring during which
time the reaction mixture turned yellow. Next, dimethylcyanamide
(1 .22 g, 17.4 mmol) was added dropwise with an addition funnel into the hot
solution with stirring. The reaction mixture was allowed to cool down and
stand for 2.5 days after which a white solid was observed in the flask. A TLC
(ethanol) of the reaction mixture indicated the presence of starting material.
The solid was recovered by filtration, recrystalized from ethanol, dried in a
vacuum oven and had a m.p. 208-209.5 C. The NMR (DMSO) showed a
m 87.05-7.25 5H(aromatic protons), m 4.00 1H(ArCH2-CH), s 3.30
6H(N(C]d3)2), dd 2.28 2H(Ar-CH2CH), s 1.70 1 H (NH). MS (FW 294).
Elemental analysis found C 72.10%, H 6.89%, N 7.68%, required
(C18H18N202) C 73.44%, H 6.18%, N 9.52%.
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REACTION 2:
L-Phenylalanine ethyl ester hydrochloride (2.00 g, 8.71 mmol) was
dissolved in 1 00 ml of absolute ethanol in a 250 ml 3-necked round bottom
flask. To this solution was added sodium ethoxide (0.59 g, 8.71 mmol) and
the resultant solution was refluxed for 1.5 hours with stirring during which the
reaction mixture turned yellow. Next, dimethylcyanamide (6.11 g, 87.1
mmol) was added dropwise with an addition funnel into the hot solution with
stirring. The reaction mixture was allowed to cool down and stand for
3.5 days after which a white solid was observed in the flask. A TLC (ethanol)
of the reaction mixture indicated the presence of starting material. The solid,
when recovered by filtration was recrystalized from ethanol, and dried in a
vacuum oven and gave a m.p. 208-209.5 C.
LEWIS ACID CATALYSIS (ALUMINUM CHLORIDE)
(Reactions 3-41 Reaction of L-Phenvlalanine Ethvl Ester Hydrochloride and
N.N-Dimethvl Cvanamide in the Presence of Aluminum Chloride With
Acid/Base Workup
REACTION 3:
L-Phenylalanine ethyl ester hydrochloride (1.00 g, 4.35 mmol) was
dissolved in 50 ml of THF and then heated to achieve dissolution. To this
was added 10 equivalents of dimethylcyanamide (3.08 g, 43.5 mmol) with
stirring. Anhydrous aluminum chhloride (0.58 g, 4.35 mmol) was added
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slowly and then refluxed for thirty minutes. The reaction mixture was cooled
to ambient temperature and then added to a mixture of ice and
10% hydrochloric acid (100 ml). The solution was then neutralized with
12N sodium hydroxide and a precipitate was observed. The solid was
isolated and found to be soluble in water and boiling methanol. An NMR
spectrum (D20) showed no proton signals.
REACTION 4:
L-Phenylalanine ethyl ester hydrochloride (1 .00 g, 4.35 mmol) was
dissolved in 50 ml of THF and then heated to achieve dissolution. To this
was added 1 equivalent of dimethylcyanamide (0.31 g, 4.35 mmol) with
stirring. Anhydrous aluminum chloride (0.58 g, 4.35 mmol) was added
slowly over 1 8 minutes and then refluxed for 30 minutes. The reaction
mixture was cooled to ambient temperature and then added to a mixture of
ice and 10% hydrochloric acid (100 ml). The solution was then neutralized
with 12N sodium hydroxide and a precipitate was observed. The solid was
isolated and found to be soluble in water and boiling methanol. An NMR
spectrum (D20) showed no proton signals.
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Reaction Of L-Phenvlalanine Fthvl Fster Hydrochloride And N.N-Dimethyl
Cvanamide In The Presence Of Aluminum Chloride Without Acid/Base
Workup
REACTION 5:
L-Phenylalanine ethyl ester hydrochloride (1 .00 g, 4.35 mmol) was
dissolved in 50 ml of THF and then heated to achieve dissolution. To this
was added 1 equivalent of dimethylcyanamide (0.31 g, 4.35 mmol) with
stirring. Anhydrous aluminum chloride (0.58 g, 4.35 mmol) was added
slowly over 18 minutes and then refluxed for one hour. The reaction mixture
was cooled to ambient temperature and concentrated under reduced
pressure. A white solid was recovered and concentration of the mother
liquer gave an additional crop of crystal. The solid was dried in a vacuum
oven (0.51 g, m.p. 152-153 C). The melting point of L-phenylalanine ethyl
ester hydrochloride was found to be 153-154C. The recovered solid was
identified as L-phenylalanine ethyl ester hydrochloride by mixed melting
point with an authentic sample which showed no depression (153-154 C).
Reaction Of L-Phenvlalanine Ethyl Ester Hydrochloride And Benzonitrile In
the Presence Of Aluminum Chloride Without Acid/Base Workup
REACTION 6:
L-Phenylalanine ethyl ester hydrochloride (1.00 g, 4.35 mmol) was added to
40 ml of THF. This was heated in a round-bottom flask to achieve
dissolution. Benzonitrile (0.45 g, 4.35 mmol) was added to 10 ml of THF.
53
Anhydrous aluminum chloride (0.58 g, 4.35 mmol) was added to the
benzonitrile solution at ambient temperature with stirring. This solution was
added to the L-phenylalanine ethyl ester hydrochloride solution and refluxed
for 19 hours. A TLC (3:2 CHCI3/hexane) showed starting material.
Reaction Of L-Phenvlalanine And Benzonitrile In The Presence Of Aluminum
Chloride
REACTION 7:
Benzonitrile (0.62 g, 6.05 mmol) was added to 40 ml of THF. Anhydrous
aluminum chloride (0.81 g, 6.05 mmol) was added to this solution while
stirring. A TLC (3:2 CHCiyhexane) of the reaction mixture showed
unreacted benzonitrile. L-Phenylalanine was added to the reaction mixture
and dissolved immediately. A TLC (3:2 CHCI3/hexane) of this reaction
mixture showed starting material.
Reaction Of L-Phenylalanine Ethyl Ester And Benzonitrile In The Presence
Of Aluminum Chloride
REACTION 8:
Benzonitrile (0.45 g, 4.35 mmol) was added to 20 ml of THF and anhydrous
aluminum chloride (0.58 g, 4.35 mmol) was added gradually over 10
minutes to this solution with stirring in a 3-necked round bottom flask.
L-Phenylalanine ethyl ester hydrochloride (1.00 g, 4.35 mmol) was added to
100 ml of THF and heated to achieve dissolution. This solution was then
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passed through a 7.5 ml column of Amberlite IRA-400(OH") strongly basic
resin and drained into the benzonitrile solution. The resultant solution was
refluxed for 30 minutes. A TLC (3:2 CHCI3/hexane) of this reaction mixture
showed only starting material.
BRONSTED ACID CATALYSIS
(Reactions 9-121 Reaction Of L-Phenylalanine Ethvl Ester Hydrochloride
And Benzonitrile
REACTION 9:
L-Phenylalanine ethyl ester hydrochloride (1.00 g, 4.35 mmol) and
benzonitrile (0.45 g, 4.35 mmol) were added to 30 ml of 3:2 THF/water. The
reaction mixture was refluxed for 23 hours and was weakly acidic as
indicated by universal pH paper. A TLC (3:2 CHCI3/hexane) of the reaction
mixture showed starting material.
REACTION 10:
L-Phenylalanine ethyl ester hydrochloride (1 .00 g, 4.35 mmol) and
benzonitrile (0.45 g, 4.35 mmol) were added to 25 ml of THF. The reaction
mixture was stirred and refluxed for 24 hours. A TLC (3:2 CHCI3/hexane) of
the reaction mixture showed starting material.
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REACTION 11:
L-Phenylalanine ethyl ester hydrochloride (1.00 g, 4.35 mmol) and
benzonitrile (0.45 g, 4.35 mmol) were added to 25 ml of DMF. The reaction
mixture was stirred and heated at 120C for 4 hours. A TLC
(4:4:1 hexane/EtOAc/MeOH) of the reaction mixture showed starting
material.
REACTION 12:
L-Phenylalanine ethyl ester hydrochloride (1.00 g, 4.35 mmol) and
benzonitrile (4.49 g, 45 mmol) were added to 15 ml of DMF. The reaction
mixture was stirred and heated at 120C for 9 hours. The reaction mixture
contained multiple compounds including the starting materials as indicated
by TLC (2:2:1 hexane/EtOAc/MeOH). Dimethylformamide was heated with
4.4 mmol of HCI at 120C for 9 hours, and then analyzed by TLC to show
decomposition products which corresponded to those observed on the TLC
of the original reaction mixture.
{Reactions 13-141 Reaction Of L-Phenylalanine Ethvl Ester Hydrochloride
And Benzonitrile In The Presence Of Amberlite IR-120+ Strongly Acidic
Resin
REACTION 13:
L-Phenylalanine ethyl ester hydrochloride (1 .00 g, 4.35 mmol) and
benzonitrile (4.49 g, 43.5 mmol) were added to 25 ml of THF. To this
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solution was added 0.1 1 g (11% resin/Phe.) of Amberlite IR-120+ strongly
acidic resin. The reaction mixture was refluxed for 20 hours and followed by
TLC (2:1 CHCI3/hexane) which indicated only starting material.
REACTION 14:
L-Phenylalanine ethyl ester hydrochloride (2.00 g, 8.71 mmol) was added to
20 ml of DMF. To this solution was added 5 equivalents of benzonitrile
(4.49 g, 43.5 mmol). Amberlite IR-120+ strongly acidic resin (0.66 g, 30%
resin/PhCN) was added to the solution and the reaction mixture was heated
at 120C for 6 hours. The TLC (2:1 CHCiyhexane) of the reaction mixture
showed several spots.
(Reactions 15-161 Reaction Of L-Phenylalanine And Benzonitrile In The
Presence Of Amberlite IR-120+ Strongly Acidic Resin
REACTION 15:
L-Phenylalanine (1.00 g, 6.05 mmol) was dissolved in 50 ml of water and
benzonitrile (0.62 g, 6.05 mmol) was added to this solution. The reaction
mixture was refluxed in the presence of Amberlite IR-120+ strongly acidic
resin (0.20 g 20% resin/Phe) for 14 hours. Only the starting materials were
present from the TLC (2:1 CHCiyhexane) of the reaction mixture.
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REACTION 16:
L-Phenylalanine (1.00 g, 6.05 mmol) was dissolved in 50 ml of
1 :1 THF/water and benzonitrile (0.62 g, 6.05 mmol) was added to this
solution. The reaction mixture was refluxed in the presence of Amberlite
IR-120+ strongly acidic resin (0.1 1 g, 11% resin/Phe) for 20 hours. Only the
starting materials were present from the TLC (2:1 CHCLyhexane) of the
reaction mixture.
Reaction Of L-Phenvlalanine Ethvl Ester Hydrochloride And Benzonitrile In
The Presence Of Ammonium Chloride
REACTION 17:
L-Phenylalanine ethyl ester hydrochloride (1.00 g, 4.35 mmol) and
benzonitrile (0.45 g, 4.35 mmol) were added to 20 ml of DMF. To this
solution was added ammonium chloride (3.36 g, 6.52 mmol). The reaction
mixture was heated at 153C for 3 hours. The TLC (2:1 CHCI3/hexane) of
the reaction mixture showed several spots.
Reaction Of L-Phenylalanine Ethvl Ester Hydrochloride And Benzonitrile In
The Presence Of Amberlite CG-50 Weakly Acidic Resin
REACTION 18:
L-Phenylalanine ethyl ester hydrochloride (1 .00 g, 4.35 mmol) and
5 equivalents of benzonitrile (2.27 g, 22.0 mmol) were added to 15 ml of
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DMF. An Amberlite CG-50 weakly basic ion exchange resin (0.10 g, 10%
resin/Phe.) was added and the reaction mixture was heated at 120C for




L-Phenylalanine ethyl ester hydrochloride (1 .00 g, 4.35 mmol) and
5 equivalents of benzonitrile (2.27 g, 22.0 mmol) were added to 15 ml of
DMF. To this solution was added 0.44 g of an acidic mercury(ll) resin
(100% resin/1 eq. PhCN). The reaction mixture was heated at 120C for
10 hours. A TLC of the reaction mixture showed several spots.
AMINOMERCURATION-DEMERCURATION
Reaction Of L-Phenvlalanine Ethyl Ester Hydrochloride And Benzonitrile In
The Presence Of Anhydrous Mercuryflh Nitrate
REACTION 21:
Anhydrous mercury(ll) nitrate (3.25 g, 10.0 mmol) was prepared from
heating the monohydrate in a beaker on a hot plate. This was added to a
stirred solution of L-phenylalanine ethyl ester hydrochloride (2.30 g, 10.0
59
mmol) and benzonitrile (1.03 g, 10.0 mmol) in 40 ml of methylene chloride.
The insoluble L-phenylalanine ethyl ester hydrochloride went into solution
immediately. A TLC of the reaction mixture after 9 hours showed a new spot
for the amino ester while the nitrile remained the same. After a total reflux
period of 24 hours, the reaction mixture was cooled in an ice-water bath to
about 0 C. A 10% aqueous sodium hydroxide solution (30 ml) was added
followed by 10 mmol of sodium borohydride in 10% aqueous sodium
hydroxide (10 ml). The precipitated mercury(O) was filtered off and the
organic layer was separated from the filtrate and dried over Na2S04. The
solvent was removed under reduced pressure. The residue was analyzed
by TLC and showed only starting materials were present.
Reaction Of L-Phenylalanine Ethyl Ester Hydrochloride And Benzonitrile In
The Presence Of Mercuryflh Nitrate Monohydrate
REACTION 23:
Mercury(ll) nitrate monohydrate (3.42 g, 10.0 mmol) was added to a stirred
solution of L-phenylalanine ethyl ester hydrochloride (2.30 g, 10.0 mmol)
and benzonitrile (1 .00 g, 10.0 mmol) in 40 ml of methylene chloride. The
insoluble L-phenylalanine ethyl ester hydrochloride went into solution
immediately. A TLC of the reaction mixture after 9 hours showed a new spot
for the amino ester while the nitrile remained the same. After a total reflux
period of 24 hours, the reaction mixture was cooled in an ice-water bath to
about 0 C. A 10% aqueous sodium hydroxide solution (30 ml) was added
followed by 10 mmol of sodium borohydride in 10% aqueous sodium
hydroxide (10 ml). The precipitated mercury(O) was filtered off and the
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organic layer was separated from the filtrate and dried over Na2S04. The
solvent was removed under reduced pressure. The residue was analyzed
by TLC and showed only starting materials were present.
(Reactions 24-251 Reaction Of L-Phenvlalanine Ethvl Ester Hydrochloride
And Benzonitrile In The Presence Of Mercurydll Acetate
REACTION 24:
Mercury(ll) acetate (1 .59 g, 5.0 mmol) was added to a stirred solution of
L-phenylalanine ethyl ester hydrochloride (1 .72 g, 5.0 mmol) and
benzonitrile (0.52 g, 5.0 mmol) in 30 ml of THF. The resultant solution was
refluxed for 6 hours and the reaction mixture turned light yellow-green. The
reaction mixture was cooled in an ice-water bath to about 0 C. Sodium
borohydride (0.11 g, 5.0 mmol) in 10% aqueous sodium hydroxide (10 ml)
was added to the cooled reaction mixture and the precipitated mercury(O)
was filtered off. A TLC (3:3:1 hexane/EtOAc/MeOH) of the reaction mixture
showed several spots. The solvent was removed under reduced pressure.
The remaining residue was chromatographed on silica gel (40 g) with a
3:3:1 hexane/EtOAc/ MeOH solvent mixture and the compounds with the
higher Rf values were isolated together. The solvent was removed under
reduced pressure to leave a pale yellow oil which was taken up in ethyl
ether and dried over MgS04. The solvent was removed under reduced
pressure and the oil was analyzed by NMR (CDCI3) which showed that only




Mercury(ll) acetate (1 .59 g, 5.0 mmol) was added to a stirred solution of
L-phenylalanine ethyl ester hydrochloride (1 .72 g, 5.0 mmol) and
benzonitrile (0.52 g, 5.0 mmol) in 30 ml of THF. The resultant solution was
refluxed for 45 hours and the reaction mixture turned light yellow-green. The
TLC (3:3:1 hexane/EtOAc/ MeOH) of the reaction mixture showed the same
compounds that were present in reaction 24.
Reaction Of L-Phenvlalanine Ethyl Ester Hydrochloride And Acetonitrile In
The Presence Of Mercurvflll Acetate
REACTION 26:
L-Phenylalanine ethyl ester hydrochloride (2.53 g, 1 1 .0 mmol) and
acetonitrile (0.41 g, 10.0 mmol) were added to 20 ml of THF (dried over a
molecular sieve). Mercury(ll) acetate (3.19 g, 10.0 mmol) was added to this
solution with stirring. The reaction mixture was stirred at ambient
temperature for 3.5 hours. A TLC (3:3:1 hexane/EtOAc/MeOH) of the
reaction mixture a new spot for the amino ester. The reaction mixture was
cooled in an ice-water bath to about 0 C. To this solution was added 12 ml
of a 10% aqueous sodium hydroxide solution upon which an orange
precipitate was observed. Sodium borohydride (0.38 g, 10.0 mmol) was
then added with stirring and gas evolution was observed. The reaction
mixture was allowed to stand overnight. The precipitated mercury(O) was
removed (2.02 g, 100.7%). The filtrate was concentrated in vacuo and the
remaining oil was extracted into chloroform. The chloroform extracts were
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dried over MgS04 and the solvent was removed under reduced pressure
leaving a pale yellow oil. The oil was chromatographed on silica gel
(40 g; 5:2 ether/hexane). The solvent was removed under reduced pressure
leaving 0.72 g of a white solid (m.p. 153-154 C). Mass spectrometry
identified the substance as L-phenylalanine ethyl ester hydrochloride. NMR
(CDCI3) showed the following signals: m 87.15-7.30 5H(aromatic protons),
q 4.30 2H(OCM2-CH3), m 3.78 1H(CH2-CM), s 3.50 2H(NH2), ddd 3.25
2H(Ar-CJl2-CH), t 1.35 3H( OCH2-CH3).
AMINO ADDITIONS TO ACTIVATED NITRILES
Reaction Of L-Phenvlalanine Ethyl Ester And Trichloroacetonitrile In
EthanolA/Vater
REACTION 27:
L-Phenylalanine ethyl ester hydrochloride (2.30 g, 10.0 mmol) was added to
16 ml of a 5:3 ethanol/water solution. One equivalent of sodium bicarbonate
(0.81 g, 10.0 mmol) was added with stirring. Trichloroacetonitrile
(1.44 g, 10.0 mmol) was added when C02 evolution was complete, and the
reaction mixture was allowed to stand at room temperature for 14 days
during which time it turned brown. A TLC (4:1 ether/hexane) of the reaction
mixture showed a single new spot with a high Rf value of 0.671 . The solvent
was removed under reduced pressure leaving a brown viscous oil. This was
subsequently chromatographed on silica gel with 4:1 ether/hexane. The
solvent was removed in vacuo to give a yellow oil (0.78 g, 23%). This was
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determined to be the amidine ester. The IR (CHCI3) showed bands at
3420 cm-1 (amino NH), 3240 cnrr1 (imino NH), 1735 cm"1 (C=0), 1637 cm"1
(C=NH), 1605 cm-1 (RN=C) and the NMR (CDCI3) showed m 87.10-7.40
5H(aromatic protons), s 5.80 1H(C=NM), dist. dd 4.80 1H(CH2CJD, q 4.20
2H(OChb-CH3), ddd 3.25 2H(Ar- ChbCH), 1 1.25 3H(OCH2-Chb), s 1.25
1 H(CH-NM-C). Mass spectrometry showed a molecular weight of 338.
Elemental analysis found %C 45.16, %H 4.08, %N 3.86, %CI 31.85 while
theory (C13H15CI3N202) has %C 46.24, %H 4.49, %N 8.30, %CI 31.50.
Reaction Of DL-Phenvlalanine Methyl Ester And Trichloroacetonitrile In
EthanolAA/ater
REACTION 28:
DL-Phenylalanine methyl ester hydrochloride (2.16 g , 10.0 mmol) was
dissolved in 16 ml of a 5:3 ethanol/water solution. One equivalent of sodium
bicarbonate (0.81 g, 10.0 mmol) was added with stirring.
Trichloroacetonitrile (1.44 g, 10.0 mmol) was added when C02 evolution
was complete and the reaction mixture was allowed to stand at room
temperature for 2 days. A TLC (2:1 ether/hexane) showed the presence of
two new products (amidine tautomers).
64
Reaction Of L-Phenvlalanine Ethvl Fster And Trichloroacetonitrile In Water
REACTION 29:
L-Phenylalanine ethyl ester hydrochloride (1.15 g, 5.0 mmol) was dissolved
in a minimum amount of water. Trichloroacetonitrile (0.72 g, 5.0 mmol) was
added at ambient temperature to this solution followed by sodium
bicarbonate (0.42 g, 5.0 mmol) upon which C02 evolution was observed. A
yellow oil was observed on the bottom of the flask which turned brown after
standing for 30 minutes. The reaction mixture was extracted with chloroform
and the organic layer was dried over MgS04. The solvent was removed
in vacuo leaving a viscous brown oil. A TLC (4:1 ether/hexane) showed the
amidine product and starting material. This was chromatographed on silica
gel with 4:1 ether/hexane. The solvent was removed in vacuo to give a
yellow oil (0.42 g, 25%).
Reaction Of L-Phenvlalanine Ethvl Ester And Trichloroacetonitrile In
Acetonitrile
REACTION 30:
L-Phenylalanine ethyl ester hydrochloride (2.53 g, 11.0 mmol) was added to
20 ml of acetonitrile in a test tube followed by 8 ml of Amberlite IRA-400(OH)
strongly basic ion exchange resin. This was vigorously shaken for 5 minutes
then filtered into a 100 ml round-bottom flask. An additional 10 ml of
acetonitrile was used to wash the resin and this was added to the solution
for a total volume of 30 ml. Trichloroacetonitrile was added dropwise to the
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flask with stirring and then allowed to stand for several days during which
the solution turned yellow. A TLC (2:1 ether/ hexane) showed the amidine
product and starting material.
Reaction Of L-Phenvlalanine Ethvl Ester Hydrochloride And
Trichloroacetonitrile In Pyridine
REACTION 31:
L-Phenylalanine ethyl ester hydrochloride (2.30 g, 10.0 mmol) was
dissolved in 15 ml of pyridine. Trichloroacetonitrile (1.44 g, 10.0 mmol) was
added and the reaction mixture was refluxed for 10 hours. A TLC
(2:1 ether/hexane) of the reaction mixture showed only starting material.
Reaction Of L-Phenylalanine Ethyl Ester Hydrochloride And
Trichloroacetonitrile In Ethanol In The Presence Of Amberlite IRA-68 Weakly
Basic Resin
REACTION 32:
L-Phenylalanine ethyl ester hydrochloride (1.15 g, 5.0 mmol) was dissolved
in a minimum volume ethanol (7 ml). Trichloroacetonitrile (0.72 g, 5.0 mmol)
was then added followed by 2.20 g of Amberlite IRA-68 weakly basic resin.
The reaction mixture was allowed to stand for 1 weeks during which it turned
dark orange. A TLC (2:1 ether/hexane) showed 2 products
(Rf's 0.670 and 0.654) one of which was the amidine isolated in reaction 27.
The amidine tautomers were isolated by chromatography on silica gel
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(2:1 ether/hexane). The solvent was removed in vacuo leaving a yellow oil
(0.91 g, 27%). The IR (CHCI3) showed bands at 3420 cm"1 (amino NH),
3340 cm-1 (imino NH), 1737 cm"1 (C=0), 1640 cnv1 (C=NH), 1603
cnr1
(RN=C). The IR (neat) showed bands at 3420 cm"1 (amino NH), 3345
cm"1
(imino NH), 1740 cm-1 (C=0), 1640 cm"1 (C=NH), 1605 cm"1 (RN=C). The
NMR of the two tautomers showed the following signals: m 87.05-7.35 10H
(aromatic protons), overlapping dd 4.80 2H(CH2CM), overlapping q 4.20
4H(OChl2-CH3), overlapping ddd 3.25
4H(Ar- CJdsCH), overlapping 1 1.25
6H(OCH2-CH3), overlapping s 1.25 2H(CH-NH-C).
Reaction Of L-Phenylalanine Ethyl Ester Hydrochloride And
Trichloroacetonitrile In Acetonitrile In The Presence Of Amberlite IRA-68
Weakly Basic Resin
REACTION 33:
L-Phenylalanine ethyl ester hydrochloride (1.15 g, 5.0 mmol) was added to 4
ml of acetonitrile. Trichloroacetonitrile (0.72 g, 5.0 mmol) was then added
followed by 4.0 g of Amberlite IRA-68 weakly basic resin. This was allowed
to stand at ambient temperature for 1 week. A TLC (2:1 ether/hexane) of the
reaction mixture showed only the amidine product at Rf 0.669 and starting
material.
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Reaction Of L-Phenvlalanine Fthyl Ester Hydrochloride And
Trichloroacetonitrile In 95% Ethanol In The Presence Of Sodium
Bicarbonate
REACTION 34:
L-Phenylalanine ethyl ester hydrochloride (1.15 g, 5.0 mmol) was added to a
minimum volume of 95% ethanol (7 ml). Trichloroacetonitrile (0.72 g, 5.0
mmol) was then added followed by 1 equivalent of sodium bicarbonate
(0.42 g, 5.0 mmol). The reaction mixture was stirred and allowed to stand for
1 week. The TLC (2:1 ether/hexane) of the reaction mixture showed
2 products (amidine tautomers).
Reaction Of L-Phenylalanine Ethyl Ester Hydrochloride And
Trichloroacetonitrile In Methanol In The Presence Of Sodium Bicarbonate
REACTION 35:
L-Phenylalanine ethyl ester hydrochloride (1.15 g, 5.0 mmol) was added to a
minimum volume of methanol (4 ml). Trichloroacetonitrile (0.72 g, 5.0 mmol)
was then added followed by 1 equivalent of sodium bicarbonate
(0.42 g, 5.0 mmol). The reaction mixture was stirred and allowed to stand for
1 week. The TLC (2:1 ether/hexane) of the reaction mixture showed
2 products (amidine tautomers).
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Attempts At Ring-Closing The Amidine-Ester
Amidine Refluxed In Chloroform
REACTION 36:
The amidine (0.70 g, 2.1 mmol) was dissolved in 10 ml of chloroform and
refluxed for 1 hour. A TLC (2:1 ether/hexane) of this solution showed only
the amidine.
Amidine Refluxed In Ethanol With Sodium Carbonate
REACTION 37:
The amidine (0.40 g, 1.2 mmol) was dissolved in 5 ml of ethanol. Two
equivalents of sodium carbonate (0.25 g, 2.4 mmol) was added and the
reaction mixture was refluxed for 2 hours. A TLC (2:1 ether/hexane) of the
reaction mixture showed only the amidine.
(Reactions 38-391 Sodium Cyanoborohydride Reduction Of Amidine
REACTION 38:
The amidine (0.70 g, 2.1 mmol) was dissolved in 5 ml of absolute methanol.
This solution was made acidic with 2N methanolic HCI. Sodium
cyanoborohydride (0.08 g, 1.3 mmol) was added with stirring and hydrogen
evolution was observed. This was stirred for 2 days. The solution was then
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filtered and the solvent was removed under reduced pressure. The residue
was taken up in 5 ml of water and then saturated with sodium chloride. This
solution was extracted with 4 (5 ml) portions of ether, the extracts were
combined and dried over MgS04. The solvent was removed under reduced
pressure leaving a yellow oil. A TLC (2:1 ether/hexane) of the oil showed
several products including what appeared to the amidine tautomers. This
was analyzed by GC-mass spectrometry. The compounds with the Rf values
of 0.668 and 0.651 were isolated by column chromatography using silica
gel. The NMR spectrum of these compounds showed the following signals:
m 87.05-7.30 10H(aromatic protons), overlapping dd 4.80 2H(CH2CtL),
overlapping q 4.20 4H(OCH2-CH3), overlapping ddd 3.25 4H(Ar- Ch^CH),
overlapping t 1.25 6H(OCH2-CH3). The reaction mixture was analyzed by
GC-mass spectrometry which showed trichloroacetamide, chloroform, and a-
methoxybenzeneacetic acid methyl ester.
REACTION 39:
The amidine (0.35 g, 1.0 mmol) was dissolved in 2.5 ml of absolute
methanol. This solution was made acidic with 0.4 ml of 5N methanolic HCI
(1.0 mmol). Sodium cyanoborohydride (0.04 g, 0.6 mmol) was added with
stirring and hydrogen evolution was observed. This was stirred for 1 day.
The solvent was removed under reduced pressure. The residue was taken
up in 3 ml of water and then saturated with sodium chloride. This solution
was extracted with 3 (3 ml) portions of ether, the extracts were combined and
dried over MgS04. The solvent was removed under reduced pressure
leaving a yellow oil. A TLC (2:1 ether/hexane) of the oil showed several
products. This was analyzed by GC-mass spectrometry which showed the
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presence of trichloroacetamide, trichloroacetic acid methyl ester and
ethanol.
Optical Purity of the Amidine-Ester By HPLC
The amidine-ester prepared in reaction 27 was prepared from racemic
DL-phenylalanine methyl ester hydrochloride as indicated in reaction 28.
The amidine-ester was isolated by column chromatography
(2:1 ether/hexane) to give 0.13 g (0.04%). The amidine-ester was then
dissolved in about 5 ml of approximately 1 :1 hexane/ethyl acetate and then
analyzed in 10 ml alloquots by HPLC using a column packed with optically
active (R)-phenyl urea. The solvent used was 9:1 hexane/ethyl acetate at a
flow of 1 ml/min. at 25C. A UV detector was used at 254 nm. The analysis
was performed 3 times.
An HPLC analysis of the amidine-ester prepare in reaction 27 from
L-phenylalanine ethyl ester hydochloride was run with 75:25 hexane/ethyl
acetate under the same conditions used above.
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RUH* 46 JAN 5, 1981 22:36f21
AREA*
RT AREA TYPE WIDTH AREA*
.781 5533 PP .316 .18474
2.712 19546 VV .177 .3521i
2.858 22433 vv .133 .74892
3.113 6854 VV .185 .22885
3.268 9845 vv .135 .38280
3.433 4287 vv .891 . 14314
3.618 883655 vv .165 29.58450
4.912 1768268 vv .197 59.84899
4.383 264366 I VH .218 9.49474
TOTAL AREA==2994984
KUL FACTOR':l.M88E+ee
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